Mechanical Dynamics Inc. has entered its twenty-sixth year of producing ADAMS® (Automatic Dynamic Analysis of Mechanical Systems), the world's leading commercial mechanical analysis software for kinematics and dynamics of multibody systems. During the past twenty-five years, use of mechanical analysis software has grown dramatically. No longer the province of a fringe group of highly trained specialists, it now has a presence on nearly every engineer's desktop. The software comes in many forms -embedded in Computer Aided Design (CAD) software, or as stand-alone packages such as ADAMS. Use of the software even has a new name: Functional Virtual Prototyping refers to the ability to use mechanical analysis software to complete the engineer's understanding of the physics of a design without the need for prototype parts.
Experimental design (also called Design of Experiments or DOE) is a collection of procedures and statistical tools for planning experiments and analyzing the results. In general, the experiments measure the performance of a physical prototype, the yield of a manufacturing process, or the quality of a finished product [1] .
Although experimental design techniques were originally developed for physical experiments, they also work very well with virtual experiments. In the case of ADAMS/Insight, the experiments help increase the reliability of conclusions, get answers faster than trial-and-error or testing factors one at a time, and help improve understanding and refine the performance of your mechanical system. For simple design problems, you can explore and optimize the behavior of your mechanical system using a combination of intuition, trial-and-error, and brute force. As the number of design options increase, however, these methods become ineffective in formulating answers quickly and systematically.
Varying just one factor at a time does not give information about the interactions between factors, and trying many different factor combinations can require multiple simulations resulting in a great deal of output data to evaluate. To help expedite these time-consuming tasks, ADAMS/Insight provides planning and analysis tools for running a series of experiments. ADAMS/Insight also helps to determine relevant data to analyze, and automates the entire experimental design process [1] .
A simple series of steps is all that is required to study an ADAMS model using ADAMS/Insight. These are covered in detail in [1] but can be summarized as:
• Import an ADAMS model with factors and responses to ADAMS/Insight
• Create an experiment design
• Use ADAMS/Insight to run the required ADAMS simulations
• Fit the resulting response data to a response surface
• Evaluate the quality of the fit
• Publish the data via HTML or spreadsheets
III. Robust Design Illustration
This section illustrates the process of Robust Design using the Design of Experiments capability within ADAMS/Insight. ADAMS/Insight is used to perform a virtual experiment using a Short Long Arm (SLA), independent front suspension model from ADAMS. The resulting data are fit with a polynomial to determine the factors that most affect the performance of the suspension. The results are published to an HTML page that can be viewed with a Web browser. The simulation chosen for this virtual experiment is analogous to the vertical wheel travel event on a kinematics and compliance test machine -the suspension is exercised through its range of vertical motion while the steering input is held constant in the straight-ahead position. In this illustration, the left outer tierod location (hardpoint) is changed in 3-D space. The coordinates of the outer tierod location are the factors in this experiment.
The output response tracked in this experiment is the change in toe angle as the suspension moves through its range of motion from jounce to rebound. Toe angle is the projected angle the wheel plane makes with the ground when viewed from above the vehicle. Toe-in is a positive number, and toe-out is a negative number. This measurement is important as exaggerated changes in toe angle result in aggressive tire wear.
In the traditional role of Design of Experiments in the product design process, the tierod variation represents a design variation -tierod lengths and shapes are changed because of performance or packaging considerations -as if the designer selects a new tierod size from the "catalog" with each iteration of the DOE. Due to the parameterized nature of the suspension model, any change in tierod length will cause changes in neighboring parts to accommodate the new tierod, which results in new system geometry. This suspension model is used to illustrate this case. The linkage in this example is considered to be a large and heavy industrial robot, perhaps for used painting or fastening. The Robust Design consideration is related to the installation of the robot on
